Innovation in the field of medium voltage protection devices is accelerating to meet the ever growing demands of users to reduce investment and operating costs, reduce space requirements and facilitate use.
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The new range of Sepam protection units introduces a large number of innovations, made possible by: -strong technological developments in consumer sectors, -major changes in the standards governing sensors, -the organization of joint protection / switchgear development work.
Sepam's main innovation is its distributed and modular architecture, based on the use of a technology that comes from the automobile industry, the CAN bus. This bus was developed with the aim of reducing the costs of wiring in vehicles, with requirements that coincide with those of protection relays: reliability, environmental robustness and cost. It permits an architecture that consists of a base unit and remote modules. The base unit includes all the equipment strictly necessary to perform the protection, metering and monitoring functions. It is the first step in the range, meeting the majority of customers' needs. To enhance the product with additional functions, modules may be connected to the main unit via the bus. The advantage for the user: an optimized initial investment allowing the evolution of his protection at any time. The user-machine interface may be deported in the most ergonomic location within the MV cubicle.
The connection of the relay to new low power current sensors is also a major innovation. The IEC 60044-8 draft standard defines a new standard for interfaces between sensors and relays and replaces the traditional Current Transformer by an LPCT (Low Power Current Transducer), with an output level of 22.5mV.
The key to this technology is mastery of the relay electronics to process this type of signal. The sensor, however, is based on mature technologies since it comprises a magnetic current transformer connected to a precision shunt.
The advantages of this solution are the compact size of the sensor, its wide measurement range and simple selection (the LPCT / Sepam chain has been mastered and validated by a large number of tests).
The organization of joint development work by Protection and Switchgear design offices is a means of amplifying the impact of the innovations made in each field. Several examples show the benefits that the customers can derive from this approach, which optimizes the complete set of equipment. A new SM6 secondary distribution cubicle has been developed in this way, taking advantage of the compact size of the Sepam 1000+ relay. Result: the low voltage compartment has been eliminated, the equipment is more compact, easier to transport and install and more user-friendly with a user-machine interface at eye level. Another example is the Evolis circuit breaker, developed using Sepam innovations: small-size LPCT sensors and a remote user-machine interface on the door of the circuit breaker…Advantage: an optimized sensor-relay chain as well as outstanding ergonomics.
The innovations introduced in the new range of Sepam protection relays lead to products that are optimized, more enhanced, and easier to choose, commission and use. However, there are still many potentialities for innovation left to be exploited to enhance the range, including more systematic use of buses to further reduce wiring, the invention of new functions made possible by increased computing power, the use of new technologies to develop remote service and the utilization of new usermachine interfaces.
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The new range of Sepam protection and metering units introduces a large number of innovations, made possible by: -strong technological developments in consumer sectors, -major changes in the standards governing sensors, -the organization of joint protection / switchgear development work.
A DISTRIBUTED AND MODULAR ARCHITECTURE
One of Sepam's main innovation is its distributed and modular architecture ( fig. 1 ), based on the use of a technology that comes from the automobile industry, the CAN bus.
The CAN bus was developed with the aim of reducing the costs of wiring in vehicles, with requirements that coincide with those of protection relays: -reliability, -environmental robustness -cost.
The CAN operating principles were defined to achieve a high level of reliability. For instance, consistency checking and instantaneous destruction of all erroneous frames make it impossible for false data to be transmitted. In addition, all devices connected to the bus have self-monitoring capability and can disconnect themselves from the bus in the event of an operating problem. These arrangements provide maximum system safety and availability.
Unlike the technologies developed for the office automation environment (e.g. fast-access RAM, Ethernet), CAN is implemented in components designed for wide temperature ranges (-40°C to +110°C). It also has a very high level of electromagnetic immunity. CAN stands up to the most severe environmental tests, representative of the medium voltage environment.
Because of its success in the automobile industry, and in fact in all sectors of industry, CAN is now in widespread use and is integrated at no extra cost in the silicon elements of microcontrollers made by the main component manufacturers.
fig. 1: a distributed and modular architecture
The bus allows the use of an architecture that consists of a base unit and remote modules.
The base unit includes all the equipment strictly necessary to perform the protection, metering and monitoring functions: processing unit, analog data acquisition, logical outputs, a minimal user-machine interface and power supply. It is the first step in the range, meeting the majority of customers' needs at an optimal cost.
To enhance the product with additional functions, modules may be connected to the main unit via the bus (see fig. 2 ): temperature sensor input modules, analog output modules, etc. The advantage for the user: optimized initial investment, with protection upgrading possible at any time.
The relay user-machine interface may be fixed on the front panel of the product or else remote ( fig.2) , allowing it to be positioned in the most ergonomic location in the medium voltage cubicle.
additional modules remote UMI base module fig. 2: a possible layout of the different modules
Another innovation in ergonomics is the interface's capability to adapt to all languages and all alphabets. This means that users may read alarm messages in the format most familiar to them, which can be a considerable advantage when it comes to reacting quickly in network fault situations ( fig.3 ).
fig.3: customizable messages for all alphabets
IEC 60044-8 CURRENT SENSORS
The connection of the Sepam relay to the new low power current sensors is another major innovation. The IEC 60044-8 draft standard defines a new standard for interfaces between sensors and relays and replaces the traditional 1A/5A Current Transformer by an LPCT (Low Power Current Transducer), with an output level of 22.5mV (see characteristics given in the standard in chart 1).
The key to this technology is mastery of the relay electronics to process this type of signal. Unlike the traditional 1A/5A CT which delivers a high output signal, the LPCT calls for substantial expertise in analog signal processing in order to master the amplification chain, noise, filtering and clipping of electromagnetic disturbances. Such experience has been implemented for a long time in the Sepam range, which has always been able to operate with very low signal levels, in the range of a few millivolts. The LPCT sensor is based on mature technologies, comprising a magnetic current transformer connected to a precision shunt. A wide dynamic measurement range is obtained in a small volume due to the low signal output and full mastery of the sensor load, because of the fact that the shunt is integrated. The small volume of the winding allows a toroid type version to be produced; with no isolation of the sensor, designed to be used on bushings or cables. Insensitivity to saturation by external conductors is obtained by a particular arrangement of the windings, know-how that has been used for a long time in very high current measurement applications (generator protection).
fig. 4: LPCT sensor and CCA670 interface module
A large number of tests have been carried out on the sensor and the complete chain (chart 2), demonstrating their excellent operation (class 0.5 for measurement from 100 A to 2500 A, class 5P for protection up to 25 kA, see fig. 5 ), full immunity to low and high frequency electromagnetic fields and high temperature stability.
The qualification plan applied to the LPCT sensor and Sepam assembly is based on the sensor standard (draft IEC 600044-8), relay environment standards (IEC 60255-21 and 22), generic environment standards (IEC 61000-4) and also on tests in real medium voltage environments, not stipulated by the standards but derived from the experience Schneider Electric has built up in the switchgear and protection fields. 
OPTIMIZED INTEGRATION IN THE SWITCHGEAR
The organization of joint development work by Protection and Switchgear design offices is a means of amplifying the impact of the innovations made in each field. Several examples show the benefits that the customers can derive from this approach, which optimizes the complete set of equipment.
A new SM6 secondary distribution cubicle ( fig. 6 ) has been developed in this way, taking advantage of the compact size of the Sepam 1000+ relay. Result: the low voltage compartment has been eliminated, the equipment is more compact, easier to transport and install and more ergonomic with a user-machine interface at eye level.
fig. 6: integration of Sepam in the SM6 cubicle, with (left) and without (right) optimization
Another example is the Evolis circuit breaker ( fig. 7) , developed using Sepam innovations: use of compactsize LPCT sensors, remote user-machine interface on the door of the circuit breaker… Advantage: an optimized sensor-relay chain and improved ergonomics. 
fig. 7: integration of Sepam with the Evolis circuit breaker
CONCLUSION
The innovations introduced in the new range of Sepam protection and metering relays are aimed at providing a better response to users' expectations. They are favored by technological and standards-related environments that are in the midst of change. They result in products that are optimized and functionally enhanced, yet easier to choose, implement and use.
However, there are still many potentialities for innovation left to be exploited to enhance the Sepam range:
• the development of additional modules for broader coverage of customers' needs, • more systematic use of buses to further reduce wiring, • extension of Sepam's functional scope to include switchgear and load diagnosis functions (thermal diagnosis [1], mechanical diagnosis, motor diagnosis…), • the invention of new functions made possible by the increase, with no additional cost, of computing power and storage capacities. Examples: selflearning of protection settings, elimination of adjustments by the implementation of more robust algorithms, • the use of new technologies to develop remote service based on operating and maintenance data processed by the relay and transmitted via the Internet,
• the use of PDAs (personal digital assistants), WAP telephones for new, more user-friendly usermachine interfaces.
[1]: Petit C, 1999, "MV switchboard diagnosis, a dependable, cost-effective solution, based on an optical sensor" CIRED.
